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Dynamical response of a star cluster to the expulsion of its
residual star-forming gas

* Cluster expansion
 Star loss, or complete cluster dissolution

N-body simulations

. t=494

» Cluster dynamical response depends on:

 Global star formation efficiency

» Gas expulsion time-scale

 Star-cluster dynamical state

 Star-cluster environment (e.g. tidal field, )

 Star cluster structure (e.g. hierarchical, ) @
e
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> Dynamical response of a star cluster to the expulsion of its
residual star-forming gas

* Cluster expansion
 Star loss, or complete cluster dissolution

N-body simulations

. t=494

" = . -:_ :._:_ : tlme |

» Cluster dynamical response depends on:

 Global star formation efficiency

. How are the gas and stars of a nascent
. cluster distributed with respect to each

. other at gas expulsion? @
O
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» How are the gas and stars of a nascent cluster distrib
respect to each other at gas expulsion?

» Clump of molecular gas

A. Is the gas converted
into stars in a uniform
manner?

B. Is star formation more
efficient in the central
regions of the
protocluster?

» Helps cluster
survival

Genevieve Parmentier

Knowledge of the global star formation efficiency is

Local SFE

SFE Radial Profile inside a Forming Cluster
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» Cluster-forming molecular
clumps have volume density
gradients

» Therefore, their inner regions

= Are denser L
= Have a shorter free-fall time L

][ll |
T B B S [ T o e B T G e e

> For a constant star formation Free—fall time:
efficiency per free-fall time, & 37
(Krumholz & McKee 2005 ), clump g =
inner regions experience faster \/326 Pgas
star formation .

» SI:Einner >> SI:Eoutskirts Denser

® Scenario B expected > Faster @
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Molecular clouds in the v 10.0 1
Solar neighbourhood: -
J S e 2.6 1.0
» The local star 2 gas U 1
formation efficiency Zgas B
depends on gas Oe,p 10 100

: M 2y
density Zgas (Mo pf@
=» Scenario B expected _ __ _ - ( ,
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Star Formation Relation and SFE Radial Variations




Star Formation Relation and SFE Radial Variations
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Star Formation Relation and SFE Radial Variations

Centrally - concentrated clump: o, (1) U T
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Take-Away Messages

» |f star formation proceeds with a constant  &:

= Quadratic local star formation relation
Parmentier & Pfalzner (2013)
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Local SF Relation

Local perspective : Local (contour -by-contour)
« Contour-by-contour basis SF relation :
* One clump is enough
2
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Local SF Relation

Local perspective
« Contour-by-contour basis
* One clump is enough

Clump distance: e.g. 500 pc

Outskirts: Centre:
slow fast
star star

formation

formation @
I
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Global SF Relation

Clump distance: e.g. 5 kpc

(g Z&R)

Local perspective
« Contour-by-contour basis
* One clump is enough

SFR tracers: e.q.
Vutisalchavakul
& Evans 2013

Clump distance: e.g. 500 pc

Global perspective:

* A population _of clumps is needed

e E.g. HCN(1-0) molecular clumps

» To first order. common free-fall time

Outskirts: Centre:
slow fast
star star
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Global SF Relation

Clump distance: e.g. 5 kpc

(zglob glob
gas SFR

Local perspective
« Contour-by-contour basis
e One clump is enough

SFR tracers: e.q.
Vutisalchavakul
& Evans 2013

Clump distance: e.g. 500 pc

Global perspective:

* A population _of clumps is needed

* E.g. HCN(1-0) molecular clumps.

e To first order: common free-fall time

Global ( clump -by-clump ) SF relation :

For oneclump:
Iobal |obal
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Outskirts: Centre: SFR O gas
star
star E [Z
' ff
formation formation Zqr U 9
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Global SF Relation

Clump distance: e.g. 5 kpc

LT

Local perspective :
« Contour-by-contour basis
e One clump is enough

_ SFR tracers: e.qg.
Clump distance: e.g. 500 pc Vutisalchavakul

/f““"“\ & Evans 2013

Global perspective:

* A population _of clumps is needed

* E.g. HCN(1-0) molecular clumps.

e To first order: common free-fall time

Global ( clump -by-clump ) SF relation :

For oneclump:
lobal global
Eq LM g
Outskirts: Centre: SFRO—_T 9 ZS:R | Zgas
slow fast @
star star £ 3
formation formation 2 R Dﬁ o 1
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Break-Point in Composite SF Relation
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Break-Point in Composite SF Relation
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Break-Point in Composite SF Relation
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Interpretation of Break-Point
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Star Formation Relations and Co.

Contour — by —contour ;| | Clump - by — clump (constant < pgas>) ;

1
ZS:R ~ £gas zSFR L <zgas>

—— A
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Star Formation Relations and Co.

I
Genevieve Parmentier -

Shell — by —shell :
as Pyas 312
Psr Ueg —— U &y = [ Bgact
L (pgaS)
Contour — by —contour ;| | Clump - by — clump (constant < ,ogas>) ;
<2
ZSFR ~ £gas ZSFR [l <Zgas>1

S
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Star Formation Relations and Co.

Shell - by —shell -
P Pgas

pS:R Dgff == ] Eff —1/2 Hpye /"3/2l
Ui (pgaS)

Contour — by —contour ;| | Clump - by — clump (constant < ,ogas>) ;

1
ZS:R ~ 4gas zSFR L <zgas>

> g, the slope is not necessarily 1.5

> Slope # 1.5 does not necessarily discard
a scenario in which star formation
proceeds with a constant &

Geneviéve Parmentier -  Zentrum fur Astronomie Heidelberg 23 Lé ;/




Take-Away Messages

> A composite SF relation is not an
appropriate tool to decide on the

existence of a density threshold for
star formation ( Parmentier 2016 )

> The diversity of slopes of
observed star formation relations
depends on:

= what IS measured,

= how It IS measured,

= on top of SF physics
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The Lk - Ly Star Formation Relation

Galaxies
(Spirals, LIRGS/ULIRGS)
Gao & Solomon 2004
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The Dense Gas Mass - Star Formation Rate Relation

Galaxies
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log(SFR [M g.yr-1])

The (Dense) Gas Mass - Star Formation Rate Relation
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» Molecular clouds of the Solar
neighbourhood. Their SFR is:

= tightly correlated with their

dense gas mass (°)
* |oosely correlated with their

total mass (°)

R



The (Dense) Gas Mass - Star Formation Rate Relation

» Molecular clouds of the Solar
neighbourhood. Their SFR is:

= tightly correlated with their

-1 T T

'AK>0.8m:ag °
Ak>01mag o

Solar neighbourhood
2 | molecular clouds

dense gas mass (°)
* |oosely correlated with their

total mass (°)

> Dense-gas mass vs SFR linear
relation:

= Gao & Solomon 2004
= \Wu+2005, Wu+2010

I - = Lada+2012

log(SFR [M g.yr-1])

= \/utisalchavakul+2016

° ° Figlin Lada+12 . . —
_ L 1 » Hints for superlinear behaviour in
1 2 3 4 5 6 (U)LIRGS and high-z galaxies

ogM M) = Gao+ 2007

= Garcia-Carpo+ 2008
= Garcia-Burillo+ 2015
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Star Formation Relation (m ;)
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Star Formation Relation (m ;)
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> VVery dense clumps

‘Not-So-Dense’ Clumps — A Linear Relation

<:0clump> =1M © Epc_g

= Slope of SF relation: 1.5

> ‘Not-So-Dense’ Clumps 7
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The ‘Not-So-Dense’ Clumps — Inner Region SF Relation

» Dense gas of the ‘not-so-dense’ clumps

= Dense Inner Region: 0 =1M , [pc™3 3
: . I © 3000M C
= Analytical insights, based < Cump> oLP

on the clump density profile h i-
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The ‘Not-So-Dense’ Clumps — Inner Region SF Relation

» Dense gas of the ‘not-so-dense’ clumps

= Dense Inner Region: 0 =1M , [pc™3 3
: . I © 3000M C
= Analytical insights, based < Cump> oLP

on the clump density profile h i-
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Where Does the Bulk of Star Formation Takes place?

Based on Fig4, Parmentier 2017
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Based on Fig4, Parmentier 2017
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Linear Relation with Dense-Inner-Region Mass

Yet, Dense Inner Region not Necesarily
the Main Site for SF!

Based on Fig4, Parmentier 2017
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The (Dense) Gas Mass - Star Formation Rate Relation

-1 T T

A >08mag
AK>01 mag

Solar neighbourhood
2 molecular clouds

» Molecular clouds of the Solar
Neighbourhood. Their SFR is:

= tightly correlated with their
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SF Relations with Dense and Total Gas Masses
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Take-Away Message

Local-density driven cluster formation
models naturally reproduce:

> the tight_linear star formation relation
In terms of the clump dense-gas mass

» the loose star formation relation In
terms of the clump total gas mass

as was observed by Lada+2012

Parmentier (2017)
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